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Since pharmaceutical exposures to perchlorate are. known to suppress
thyroid function in patients with hyperthyroidism, a study of employees at
a perchlorate manufacturing plant was conducted to assess whether
occupational exposure to perchlaratf suppresses thyroid Junction. Exposure
to perchlorate was assessed by measurement of ambient air concentrations of
total, and respirable perchlorate particles, and systemic absorption was
assessed by measurement of urinary perchlorate, excretion. Airborne expo-
sures, ranged from 0.004 to 167 mg total partiadate perchlorate per day.
Urinary perchlorate measurements demonstrated that exposure to the
airborne particulate perchlorate resulted in systemic absorption. Workers
were grouped into four exposure categories with mean absorbed perchlorate
dosages of 1, 4, 11 and 34 rng perchlorate per day. Thyroid function was
assessed by measurement of serum thyroid-stimulating hormone, free thyrox-
ine index, thyroxine, triiodothyronine, thyroid hormone binding ratio,
thyroid peroxida.se antibodies, and by clinical examination. No differences
in thy>Md-function parameters were found between the four groups of
iDorkers across approximately three orders of magnitude of exposure and of
dose. Thus human thyroid function was not affected by these levels of
absorbed perchlorate. In addition, no clinical evidence of thyroid abnormal-
ities was found in any exposure group. The blood-cell counts were normal
in all groups, indicating no evidence of hematotoxicity in this exposure,
range. The absence of evidence of an effect on thyroid function err blood cells
from occupational airborne perchlorate exposure at a mean absorfrtton oj 34
mg/day demonstrates a no-observed-adverse-effecl-level (NOAEL) that can
assist in the evaluation of human health risks from environmental
perchlorate contamination.
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his occupational health study was
conducted in July 1998 at the only
US industrial site currently manufac-
turing ammonium perchlorate (the
Cedar City, Utah, site of American
Pacific Corporation). The purpose
was to assess the health status—
speci f ica l ly , the thyroid func-
tion— of workers with long-term
(months to years) exposure to per-
chlorate. This study included mea-
sures of perchlorate participates to
determine exposure; measures of uri-
nary perchlorate to determine the
magnitude of systemic absorption
from perchlorate particulates; and
measures of thyroid function to de-
termine whether (and if so. to what
degree) thyroid function was af-
fected by the perchlorate absorption.
Although this study was primarily
designed to develop a health assess-
ment of occupationally exposed per-
chlorate workers, the information
gathered may also be useful in as-
sessing health risks to persons who
are environmentally exposed to per-
chlorate.

For over 50 years, perchlorates
have been used industrially as oxi-
dizers in propellants and explosives
because their salts have strong oxi-
dizing potential. Ammonium per-
chlorate is used as the oxidizer in
solid propellant for rockets and mis-
siles, such as the boosters for the
space shuttle and the Titan rocket, as
well as for fireworks. Other com-
monly used perchlorate salts include
sodium perchlorate, which is used as
an oxidizer in slurry explosives man-
ufacturing, and potassium perchlor-
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ate, which is used in road flares and
in air bag inflation systems. Per-
chlorate salts are highly soluble in
water. Perch lorate ions have been
detected in ground and surface wa-
ters near sites where perchlorates are
used or manufactured or where per-
chlorate-containing fertilizers are
used. The perchlorate salts fully ion-
ize, and the perchlorate ion (C1O4~)
persists for several decades in sur-
face and ground waters. Recent im-
provements in the laboratory method
for detecting perchlorate in drinking-
water supplies have lowered the limil
of detection from 400 parts per bil-
lion (ppb) to 4 ppb. Subsequent sur-
veys of water supplies in California
have detected perchlorate in a num-
ber of wells, the sources of which
have been traced back to various
sites of industrial perchlorate use,
and in a major water supply (the
Colorado River, downstream from
Lake Mead), the source of which has
been traced back to an area of per-
chlorate manufacture in Nevada.
Some of the well measurements in
California have exceeded 18 ppb,
and the water measurements from
the Colorado River have ranged from
5 to 8 ppb. The potential health risks
from short-term and long-term con-
sumption of such levels of perchlor-
ate in drinking-water supplies are
currently under assessment by the
US Environmental Protection
Agency.

Although thyroid function is de-
pendent upon an adequate dietary
intake of iodine (100 to 200 ng/day)
as a substrate for hormone synthesis,
the thyroid readily compensates for a
modest decrease in iodine intake by
enlarging and actively transporting a
larger fraction of the circulating io-
dine. An Austrian study showed that
euthyroid subjects (n = 2308) had
normal levels of the thyroid hormone
thyroxine (T4) despite having mildly
low iodine intakes (as indicated by
urinary excretion of < 100 p,g I per
gram creatinine).'

Studies in humans and rodents
demonstrate that the primary effect
of perchlorate is to block the uptake

of iodine by the thyroid gland, thus
potentially decreasing the production
of the thyroid hormones T4 and tri-
iodothyronine (T,). Perchlorate (as
potassium perchlorate) has been used
medically since the late 1050s to
treat hyperthyroidism, and its effects
on the thyroid have been well stud-
ied.2 It is a competitive inhibitor of
the sodium/iodide symporter of the
thyroid follicular cell, which actively
transports iodine from the blood into
the thyroid. It does not appear to
have an important effect on thyroid-
hormone synthesis. Perchlorate is the
most effective drug for blocking the
thyroidal uptake of iodine. It is ex-
creted unmetabolized. with approxi-
mately 95% recovery in urine over
72 hours.3 Eichler1 reported that
within 6 to 8 hours, the urine con-
tained 50% of a 1- or 2-gram oral
dose given to an adult male. Simi-
larly, Durand4 reported that within 5
to 9 hours, the urine contained 50%
of a 0.8-gram oral dose given to an
adult male.

In 1952, Stanbury and Wyngaar-
den5 demonstrated the effectiveness
of perchlorate in treating hyperthy-
roidism due to Graves' disease at
dose levels of 200 mg potassium
perchlorate three times daily. Subse-
quently, treatment doses were in-
creased to 1200 ing per day to accel-
erate the induction of normal thyroid
function. After case reports of fatal
aplastic anemia or agranulqcyiosis in
patients treated with perchlorate at
doses of 600 to 1600 mg/day for
extended periods, the use of per
chlorate for treating Graves' disease
markedly decreased. More recently,
Wenzel and Lente6 treated hyperthy-
roid patients with Graves' disease
with perchlorate at doses of 900 mg
or below daily for 1 year with excel-
lent results and no serious side ef
fects. Perchlorate is now used to treat
patients who have iodine-induced
thyrotoxicosis (eg, amiodarone
associated thyrotoxicosis fAATJt .
Amiodarone, a potent drug used to
treat cardiac tachyarrythmias, con-
tains nearly 40% iodine. AAT pa-
tients treated for I month or longer

with perchlorate ai doses up to 1000
mg perchlorate per day had no evi-
dence of agranulocytosis or aplastic
anemia.7" "'

Few studies have been conducted
on the effect of perchlorate on
healthy human subjects. In a 1974
study, Burgi et al" showed in five
healthy volunteers that 600 mg/day
for I week increased non-thyroxine
iodine release by 65% and suggested
that it might completely block iodide
uptake by the thyroid. In a 1992
study. Brabant et al'3 were unahle to
induce a state of iodine depletion in
five healthy male volunteers by oral
administration of 900 mg potassium
perchlorate per day for 4 weeks.
Brabant et al were reported to have
subsequently observed mild goiters
without an increase in thyroid-
stimulating hormone (TSH) levels in
a 5-week-long repeat of that study.
These are the only studies that indi-
cate effect levels from perchlorate
exposure in healthy humans.

The occupational health study pre-
sented here focuses on thyroid health
status and was conducted in an am-
monium perchlorate manufacturing
plant. The manufacturing process at
this plant begins with the electrolysis
of brine (sodium chloride in water)
to form sodium chlorate (NaCIO,)
first and then sodium perchlorate
(NaClO4). A m m o n i u m chloride
(NH4CI) is formed from ammonia
(NH3) and hydrochloric acid (HClj.
The sodium perchlorate is reacted
with the ammonium chloride to form
ammonium perchlorate (NH^CICX,)
and sail (NaCI). The solution is
cooled, and the ammonium perchlor-
ate crystals are dried and blended to
specifications.

Study Design
This was a cross-sectional study of

two similar worker populations from
the same industrial complex: ammo-
nium perchlorate production workers
and sodium a/idc production work-
ers. The latter served as a compari-
son group. The purpose was to assess
perchlorate exposure and thyroid
function in both groups. The two
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production plants are in close prox-
imity, and the workers share locker
facilities, storage areas, training and
administrative areas, etc, but not pro-
ciuction areas.

Perchlorate exposure was mea-
sured using full shift breathing zone
air sampling for total perchlorate
particles and respirable perchlorate
particles. Urinary perchlorate con-
centration was assessed at the begin-
ning and end of the 12-hour shift in
which the paniculate exposure was
measured. Panicle-size-selective
sampling was conducted to obtain
the mass median aerodynamic diam-
eter of the particles.

Thyroid function was assessed by
measuring serum TSH T4, and T^
concentrations, the thyroid hormone
binding ratio (THBR), and the free
T4 index (FT1). Thyroid peroxidase
(TPO) antibody concentrations were
measured to identify workers with
underlying Hashimoto's thyroiditis.
If the occupational exposure to per-
chlorate had been suppressing the
thyroid by blocking iodine uptake,
the expected observation would have
been that the TSH levels would have
increased.

Urinary iodine concentrations
were obtained to determine whether
workers had adequate iodine intake.
Blood samples for complete blood
counts (CBCs) and serum samples
lor a chemistry panel were also ob-
tained. Physical examinations and
medical histories with careful thy-
roid evaluation were performed on
all subjects.

Materials and Methods
Study Population

The perchlorate production plant
is located in the industrial facility of
the American Pacific Corporation in
Iron County, Utah, west of Cedar
City. The facility, which began pro
duction in 1989, employs approxi-
mately 190 workers in four major
divisions. The 39 employees as-
signed to direct perchlorate produc-
tion and the 21 employees assigned
to a/,ide production were eligible to

be study participants. Employees as-
signed to administrative, engineer
ing , maintenance, and super-
visory positions were not eligible for
study participation. Fifty-eight of the
60 employees eligible for participa-
tion did participate. Two of the eli-
gible perchlorate workers were not at
the plant at the time of the study
because of vacation or military duty
and did not participate. The produc-
tion employees work 12-hour shifts
(on 3 days; off 3 days), with rotation
from days ro nigh! approximately
monthly. The employee populations
from both plants are similar in that
they are drawn from the same popu-
lation base, have the same manage-
ment procedures and policies, work
similar rotating shifts, and have par-
ticipated in prior medical monitoring
programs at the facility.

Al! participants were instructed as
to the nature of the study, and in-
formed consent was obtained. The
study protocol and consent forms
were approved by the Georgetown
University School of Medicine insti
tutional review board. Pre-shifl and
post-shift urine samples were oh
tained from all participants, and post-
shift blood samples were obtained
from alJ buf one participant, who
declined to give a blood sample.
Air-sampling equipment was used
throughout the shift for determining
both total and respirable perchlorate
particle exposure. Participants com-
pleted a medical questionnaire and
underwent a physical examination
conducted by a local physician's as
sistant and a thyroid examination
conducted by a thyroid specialist
(L.E.B.). Examiners were not aware
of participant's study groups. Labo-
ratory samples were prepared with
participant code numbers to keep the
laboratory personnel blinded as to
each participant's study group. The
personnel and director of each labo
ratory maintained quality control and
assurance procedures.

Perchlorate Exposure Groups
The job assignments of the per-

chlorate production workers were

classified into three categories of
presumptive exposure (low, medium,
and high), based on the visible dust
generated. The categories of low,
medium, and high were used as fol-
lows to classify workers:
A—Low: employees handling only

solutions or slurries of perchlor-
atev This includes the electrolysis
through crystallization processes.

B Medium: employees handling
limited quantities of dry perchlor-
ates. resulting in only minor visi-
ble-dust exposure. This includes
the initial drying process.

C—High: employees handling large
quantities of dry perchlorates, re-
sulting in significant visible-dust
exposure. This includes the blend-
ing and packaging operations.

Urine Samples
Pre- and post-shift urine samples

were collected from all participants
to measure urinary perchlorate, io-
dine, and creatinine levels. Urine
samples were frozen after collection
and thawed prior to analysis. Urinary
creatinine and iodine measurements
were performed in the Iodine Re
search Laboratory at the Brigham &
Women's Hospital (Boston, MA),
using the Jaffee alkaline picrate
method for crealinine and the Sand
ell-Koltoff reaction for iodine (mod-
ification of Benotti ct a!13). Urinary
perchlorale measurements were per-
formed by Dr Kent Richman at the
American Pacific Corporation labo-
ratory. The method (Richman et al14;
available on request) is capable of
measuring urinary perchlorate con-
centrations of 0.5 parts per million
(ppm) or greater.

Blood Samples
Post-shift blood samples were col-

lected. CBCs were performed at the
clinical laboratories of the Valley
View Medical Center. Cedar City,
Utah. The CflC included absolute
counts of red blood cells, white
blood cells, and platelets; absolute
and relative counts of lymphocytes,
neutrophils, monocytes. eosinophils.
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and basophils; and hemoglobin, he-
matocrit, and red cell parameters
(mean corpuscular volume, mean
corpuscular hemoglobin, and mean
corpuscular hemoglobin concentra-
tion).

Serum Samples for Thyroid-
Function Studies

Thyroid-function studies on post-
shift serum samples were performed
in the Endocrine-Hypertension Re-
search Laboratory of the Brigham &
Women's Hospital. Thyroid-function
studies were carried out in duplicate,
in the same assay, and in random
order. The following tests and their
methods were performed (normal
values for the laboratory are indi-
cated in parentheses): TSH (0.45 to
4.5 p-U/mL) was measured by
chemiluminescence (Beckman Ac-
cess, Chaska, MN); T4 (5 to 11
u-g/dL) and THBR (0.85 to 1.10) by
radioimmunoassay (Diagnostic
Products Corp., Los Angeles, CA);
T3 (87 to 178 ng/dL) by radioimmu-
noassay (Beckman Access); and
TPO (<20 lU/mL) by enzyme-
linked immunosorbent assay (Amer-
ican Laboratory Products Co,
Windham, NH). The FIT index is the
product of the T4 concentration and
the THBR. The results reported for
each subject are the mean of the
duplicate values for each test.

Serum Sample for Blood
Chemistry Panel

Post-shift serum samples obtained
from the participants were collected
for analysis of a chemistry panel by
Quest Diagnostics (Cambridge,
MA). The chemistry panel included
measurements of serum levels of cal-
cium, phosphate, glucose, blood urea
nitrogen, creatinine, uric acid, cho-
lesterol, total protein, albumin, alka-
line phosphatase, lactic dehydroge-
nase, aspartate aminotransferase, and
total bilirubin.

Air Sampling
Full-shift air sampling for total

(<40 (xm) and respirable (<10 ji.m)

breathing-zone particles was carried
out under the direction of David
Houck, CIH (Kerr-McGee Corpora-
tion, Oklahoma City, OK). For mea-
surement of total particulates, 5-fj.m
polyvinyl chloride filters in 37-mm,
three-piece, closed-face cassettes
were used, with a sampling rate of
approximately 2 liters per minute
and a sampling duration of 10 to II
hours. For measurement of respirable
particulates, SKC a luminum cy-
clones (SKC Corporation, Highly
Four, PA) were used with 5-^im
polyvinyl chloride filters in 37-mm
cassettes, at a flow rate of 1.9 liters
per minute.

Montgomery-Watson I .aboratories
(Pasadena, CA) analyzed the cas-
settes for perchlorate. Cassette sam-
ples were dissolved in a 10-rnI. ali-
quot of 30 mM sodium hydroxide.
and perchlorate concentration was
measured using the California Oe
partment of Health Services analytic
method for perchlorate in drinking-
water samples.

Size-selective sampling of air-
borne dust was performed during a
production period with a Marple
8-stage Cascade Impactor (Andersen
Instruments Inc.. Smyrnia, GA) in
the blender building at a height of 5
feet above the floor in the area where
the perchlorate C group worked. Par-
ticle size distributions were deter-
mined at the following eight cut
points: 21.3 jim, 14.8 (xm, 9.8 fjum,
6.0 (mm, 3.5 |xm, 1.55 (xm, 0.93 |xm,
and 0.52 p.m. Dust particles in the
range of 0.1 to 10 ^m are generally-
considered to be "respirable," be-
cause they may enter and be retained
by the deep regions of the lung. Total
particle mass was also determined
since the highly soluble perchlorate
particle may be readily absorbed af-
ter deposition into the nasal passages
or upper respiratory tract. Inhalable
particles, which may also precipitate
in the upper respiratory tract areas,
were not separately measured. The
mass mean aerodynamic diameter of
the particles was calculated.

Urinary Perchlorate Excretion
To determine the time course of

urinary perchlorate excretion, two
workers were monitored for 6 days,
with urine samples submitted every
12 hours. These employees worked
in the high-exposure area during the
first 12 hours of each of the first 3
days; in the next 3 days, they were
assigned to the administrative build-
ing rather than to the production
area. Thus the observation period
includes three exposure periods fol-
lowed by 3'/2 days of observation
with no known exposure. The uri-
nary perchlorale levels during the 3
unexposed days provide an indica-
tion of perchlorate elimination rates
under the conditions of exposure ex-
perienced by these two workers.

Methods of Statistical Analysis
Statistical analysis of data was

conducted using the Stata package
for the personal computer (Stata Cor-
poration, College Station, TX). A t
test was applied to mean differences
in all continuous-exposure, outcome,
and demographic variables. Descrip-
tive statistics for exposure and out-
come variables were calculated and
presented as arithmetic and/or geo-
metric means and standard devia-
tions, medians, ranges (minimum
and maximum), and interquartile
ranges (25th percentile and 75th per-
centile). For categorical variables, a
chi-square statistic was used. Two-
tailed P values were calculated for
each comparison. The absence nf a
statistically significant difference
was inferred if the two-tailed P value
was not less than 0.05. For outcome
data, pairwise ; tests were performed
between the comparison group and
each of the exposed groups. A non-
parametric z test for trend across
ordered groups was conducted. |s

Results
Population Description

A total of 58 employees partici-
pated in this occupational health
study: 37 from the ammonium per-
chlorate production plant (35 males
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TABLE 1
Descriptive Statistics of Respirable and Total Airborne Perchlorate Levels (mg/day). by Plant and Exposure Groups'

Groups
Resp.rabie, mg/day

Azide
Perchlorate A
Perchlorate B
Perchlorate C

Total, tig/day
Azide
Perchlorate A
Perchlorate B
Perchlorate C

n

6
11
7

14

4
6
2

12

Ar-Mean

0.021
0091
0.601
8.591

0.014
0.337
6.567

59.378

Ar-SD

0.014
0.095
0.671
9.386

0.012
0.187
7.139

53.605

Geo-Mean

0.017
0057
0.255
5.414

0.011
0.288
4.200

28.674

Geo-SD

1.9?5
3.019
5.196
2.740

2.482
1.92?

—
5.101

Mm

0.009
0.006
0.031
0.957

0.004
D.I 07
1.519
1.C36

P25

0.010
0.040
0.031
2.643

0.006
0.168
'.519

T..77?

Median

0014
0.067
0.374
5.040

0.012
0.330
6.567

44.89C

P75

0.038
0083
1.522

10.160

O.D23
0.487

11.615
103.749

Max

0.039
0331
1.575

35852

0030
0.602

11.615
166.996

' Ar-Mean, arithmetic mean (average); Ar-SD, standard deviation ot the arithmetic mean; Geo-Mean, geometric mean (logarithmic mean);
Geo-SD, standard deviation of the geometric mean; Min, minimum value; P26, 25th percentile vaiue; Median. 50th percentile value; P/S(. 75th
percentile vaiue; Max, maximum value.

and two females) and 21 from the
sodium azide production plant (19
males and two females), ranging in
age from 20 to 56 years. The mean
age of the ammonium perchlorate
workers was 30 years, compared
with 35 years in the azide workers.
Forty percent of the ammonium per-
chlorate production workers and
509r. of azide production workers
had been employed for more than 5
years.

Medical Examination and
Questionnaire Findings

No differences were found be-
tween the azide workers and the
perchlorate workers or among the
three perchiorate worker groups in
the findings from their medical ex-
aminations or their responses on the
medical questionnaire. Mean heights
and weights were similar. The
groups did not differ in their clinical
findings (blood pressure, pulse rate,
examination of body systems) from
the medical examination. According
to their answers on the medical ques-
tionnaire, the groups did not differ in
alcohol or tobacco use, in medication
use, in frequencies of family history
of major systemic diseases (diabetes,
hypertension, rheumatoid arthritis,
thyroid disease, or cancer), or in
reported medical problems.

Thyroid disease was identified in
two workers. One worker in the low
perchlorate exposure group (A) had

been previously diagnosed w i t h
Graves' disease. His disease was di
agnosed 9 years prior to this employ-
ment and had been treated with ra
dioactive iodine. During this study,
he was found (o he hypothyroid and
undermedicated. Previously undiag
nosed thyroid disease was found in
only one worker, a worker in the
medium perchlorate exposure group
(B), who was found in this examina-
tion to have an autoimmune condi-
tion of the thyroid, euthyroid Hashi-
nioto's thvroiditis. Other than the
first worker, no worker reported a
history of either thyroid disease or
thyroid medication.

Airborne Exposure
The 37 perchlorate participants in-

cluded 14 employees in the nomi-
nally low perchlorate exposure jobs,
eight employees in the nominally
medium perchlorate exposure jobs,
and 15 employees in the nominally
high perchlorate exposure jobs. All
37 perchlorate participants wore air
samplers. Thirty-two wore respira-
ble-particle samplers, and 21 wore
total-particle samplers. Seven of the
21 azide participants wore air sam-
plers. Six wore respirable particle
samplers, and four wore total particle
samplers. Table 1 lists the respirable
and total airborne perchlorate expo-
sures (mg/day) of the workers, strat-
ified by exposure group. This was
calculated from the laboratory report

of the amount of perchlorate in the
sampling cassettes, the air-sampling
rate (approximately 2 liters/minute)
and duration (approximately 10
hours), and the assumption of an
inhalation rare of 1.2 cubic meters
per hour. Data are presented as the
arithmetic; and geometric means and
standard deviations, along with the
range, median, and distribution by
quartiles. Data in this table demon-
strate that airborne perchlorate parti-
cle levels are greater in the dusty
parts of I he perchlorate plant than in
the azide plant and that both respira-
ble-particle and total particle per-
chlorate inhalation progressively in-
crease with visible-dust level in the
perchlorate plant exposure groups.
The exposures of the high-exposure
perchlorate group are clearly dis-
cernible from the other worker
groups, being three orders of magni-
tude greater than those of the azide
workers. The minimal exposures of
the azide workers may come from
contamination from the shared non-
prouuciiim facilities or contamina-
tion of their worksite. Data in this
table also show that patterns of dis-
tribution for respirabfe and totaJ par-
ticles across the exposure groups are
similar. Individual measures of respi-
rable and total-particle perchlorate
were highly correlated with a statis-
tically significant correlation coeffi-
cient (/• - 0.82; I> « 0.01;, based on
18 paired samples. Respirable particle
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1. Perchlorate particle inhalation: comparison of paired respirable-particlc and total
measures

inhalation accounted for 14% of the
total-particle inhalation rate (Fig. 1).

Particle size-selective sampling
conducted in the blender operation
(perchlorate exposure group C area)
yielded a mass median aerodynamic
diameter of the particles of 7.4 (xm,
with a geometric standard deviation
of 3.8.

Urinary Perchlorate Levels
Table 2 presents mean urine per-

chlorate levels (mg/g creatinine) for
the azide plant workers and for each
perchlorate exposure group. The data
are presented for the pre-shift urine
sample, for the post-shift urine sam-
ple, and for a post-shift (adjusted)
measure. The data are presented as
the arithmetic mean and its standard
deviation, the range, the median, and
the quartiles.

The pre-shift urine was collected
before the work shift, and the post-
shift urine was collected at the end of
the work shift. The post-shift tirine
perchlorate measurement reflects
two components: (a) the excretion
due to the residual perchlorate that
was present in the body at the time of
the pre-shift urine perchlorate mea-
sure, and (b) the incremental increase
in urinary perchlorate due to the
excretion of the perchlorate that was
inhaled (or ingested) during the work
shift.

The post-shift (adjusted) measure
is defined to represent the post-shift

urinary perchlorate component that
reflects perchlorate inhaled during
the shift. The body burden repre-
sented by the pre-shift urinary per-
chlorate measure is estimated by
pharmacokinetic modeling (assum-
ing first-order kinetics and an 8-hour
excretory half-l ife) to be reduced by
65% after 12 hours. The post-shift
(adjusted) urinary perchlorate esti-
mate was obtained by subtracting
35% of the pre-shift urinary per-
chlorate measure from the post-shift
urinary perchlorate measure as an
exposure estimate adjustment. This
first-order model follows the equa-
tion E, - E0 e~ k l = D (1 - e~kl).
where E is the excretion rate of
perchlorate at time (o) and time (i)
and D is the dose rate from exposure.
For a half-life of 8 hours and at time
12 hours, e~k t equals 0.354. The
post-shift (adjusted) measure is El -
0.354 E0.

Table 2 demonstrates that workers
in the three perchlorate exposure
groups have progressively increasing
levels of urinary perchlorate. Sym-
metry about the means and the sim-
ilarities between the mean and the
median in each strata suggest that log
transformation of the data is unnec-
essary.

Absorbed Dose
The absorbed dose can be calcu-

lated for each shift directly from the

data listed in Table 2. From the
model equation above, with 12-hour
work shifts and an 8-hour half-life,
the excreted dose (D) follows the
equation D = k [E, 0.354 EJ/
0.646. The term |E, - 0.354 EJ is
the post-shift (adjusted) level in mg
perchlorate per gram creatinine. The
human adult creatinine excretion rate
of 1 mg/minule links perchlorate ex-
cretion rates in terms of creatinine to
rates in terms of time. The percent
absorbed that is excreted into the
urine is assumed to be 95%. as
shown by Eichler.' The exposure
rate was measured as a t ime-
weighted average exposure. The ex-
creted dose is, then, 1 2 hours X 60
minutes per hour X 0.001 g/ing X 1
mg creatinine/minute / [post-shift
adjusted]/0.646 and the absorbed
dose is the excreted dose/0.95, which
is expressed in nig/shift. This repre-
sents a reasonable estimate of per-
chlorate absorption over a 12-hour
shift (mg/shift) and is calculated in-
dependently of the exposure esti-
mates.

Thyroid Function Status
Table 3 presents the mean thyroid-

function tests for the azide produc-
tion workers and for each of (he
perchlorate exposure groups, along
with the standard deviations, ranges,
medians, and distribution by quar-
tiles. There were no differences in
thyroid-function tests between work-
ers in the azide and perchlorate
plants or between the azide workers
and any of the three perchlorate ex-
posure groups. Extreme outlier val-
ues due to specific thyroid diseases
were excluded from the analysis, as
indicated in Table 3. Pairwise / tests
were performed between the a/.ide
group and each of the three perchlor-
ate exposure groups. As listed in
Table 3, none of the comparisons
were statistically significant at a <
0.05 level. A nonparametric z test for
trend across the ordered groups for
each of the six thyroid function tests,
using the method developed by
Cuzick,15 found no statistically sig-
nificant trend (although the trend for
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Descriptive Statistics of Creatinine-Adjusted Urine Perchlorate Levels (mg/gm), by Plant and Exposure and Adsorbed Dose
(mg/shift)*

Groups n Mean SO Win PK Median P78 ""!___

Pre-shift
Azide
Perch! oral e A
Perchlorate B
Perchlorate C

Post-shift
Azide
Perchlorate A
Pe'chlorate B
Herchlorate C

21
14
8

14

21
14
8

15

1.31
2.05
5.98

11.30

1.19
4.07

11.27
32.22

1.55
2.42
5.70
9.93

1.16
2 .15
7.59

13.14

0.23
0.42
0.64
0.53

0.16
0.46
3.63

11.16

0.39
0.59
1.12
1.09

0.52
238
4.93

27.81

084
1.09
4.87

14.89

0.81
3.53
9.79

33.09

1.36
1.50
9.91

17.61

1.52
5.71

16.45
38.89

6.37
8.02

15.41
30.22

4.97
8.24

24.22
64.38

Post-shift, adjusted
Azide
Pefchlorate A
Perchlorate B
Perchlorale C

Absorbed dosage.
Azide
Perchlorate A
Perchlorate B
Perch/orate C

21
14
8

14
mg/shift

21
14
8

14

0.75
3.39
9.28

28.66

0.88
3.98

10.89
33.62

1.00
2.29
7.41

12.38

1.17
2.69
8.69

14.52

-0.85
0.32
2.67

10.80

1.00
0.38
3.13

12.67

0.14
1.69
3.13

21.04

0.16
1.98
3.67

24.68

0.53
2.87
7.16

28.43

0.62
3.37
8.40

33.35

0./8
5.02

13.32
33.70

0.92
5.89

15.63
39.54

362
8.04

2398
58.51

4.25
9.43

28.13
6865

" Groups: azide, comparison; A, low perchlorate; B. medium perchlorate; C, high perchlorate

TF1 was of borderline significance
but in a direction opposite thai which
was pharmacologically predicted).

Categorical data analyses also
were conducted with normal values
for T4, T-,, FTI, and THBR being
defined as values at or above the
normal lower limit for the laboratory
and with normal values of TSH and
anti-TPO being defined as values at
or below the normal upper limit for
the laboratory. There were no signif-
icant differences across the exposure
groups, between the two plants, or in
comparison to the laboratory range
of normal. In no case did the propor-
tion of abnormal values for the per-
c hi orate workers exceed that for the
azide workers. There were no sug-
gestive trends, either statistically or
clinically, for any thyroid-function
test. Furthermore, no differences in
the thyroid-function tests were ob-
served in the perchlorate plant work-
ers as a result of their inhaled and
excreted perchlorate levels. These
findings show thai thyroid function
is not altered in workers exposed at
the perchlorate levels found in this
plant.

Thyroid Examinations
Clinical examination of the thy-

roid glands of all participants re-
vealed no significant thyroid abnor-
malities in any group. The thyroid
glands did not differ in size, texture,
or shape between the two groups or
across the perchlorate exposure
groups. No goiters were detected in
any of the workers. A small nodule
was detected in a worker in a low
perchlorate exposure job. Secondary
signs of hypothyroidism and of hy-
perthyroidism were sought by the
thyroid examiner (L.E.B.) and were
not observed. There was no evidence
of bradycardia, tachycardia, or
tremor. Examination of the skin,
eyes, and extremities did not reveal
signs of thyroid disease.

Urinary Iodine Excretion
The pre-shift urinary iodine values

of the azide and perchlorate workers
met international standards, with
95% or more having a urinary iodine
level of 50 (o-g/L or greater. More
than 90% of each group had pre-shift
urinary iodine levels greater than 100
u-g/L. These data indicate the ab-

sence of iodine deficiency in these
groups of workers.

The pre-shift urinary iodine values
did no\ differ bei\vcen the perchlor-
ate workers (mean, 318 u,g/L; stan-
dard deviation. 164 u-g/L) and the
azide workers (mean, 344 u,g/L:
standard deviation. 180 p.g/L). Anal
ysis was limited to the 49 specimens
with pre-shift urinary iodine values
less than 800 |xg/L. because greater
values suggest contamination from
extraneous sources. Additionally, the
urinary iodine values adjusted for
creatinine excretion did not differ
between the perchlorate workers
(mean, 192 M-S/g; standard deviation,
132 fig/g) and the azide workers
(mean. 211 u.g/g; standard deviation,
120 u.g/g).

Pre-shift and post-shift urinary io-
dine levels were compared. There
was no evidence of increased iodine
excretion post-shift, compared with
pre-shift, for either the azide or per-
chlorate workers, based on those 44
paired urine samples with values that
did not suggest contamination (ic,
<800 p-g/L). The pre-shift and post-
shift urine iodine levels did not differ
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TABLE 3
Descriptive Statistics of Thyroid-Function Parameters, by Plant and Exposure Groups*

Groups n Mean SD Min P25 Median P7, Max P Value1

T« (5 to 1 1 (i.g/dL)*
Azide
Perchlorate A
Perchlorate B
Perchlorate C

T3 (87 to 1 78 ng/dL)
Azide
Perchlorate A
Perchlorate B
Perchlorate C

21
13
8

15

21
13
8

15

6.73
7.13
7.34
7.03

142 52
148.38
152.13
152.13

1.479
1.583
1.115
1.301

17.543
25.178
23.234
20.368

4.60
4.00
5.40
4.40

113.00
96.00

120.00
108.00

5.40
6.40
6.70
6.00

129.00
145.00
134.00
141 00

6.80
6.90
750
7.30

143.00
159.00
148.00
150.00

7.40
7.80
8.00
8.10

156.00
16600
176.00
165.00

990
1060
89C
8.60

169.00
174.00
18'. 00
192.00

—
0.46
0.31
0.54

—
0.43
0.24
0.14

TSH (0.45 to 4.5 nU/mL)
Azide
Perchlorate A
Perchlorate B
Perchlorate C

FTI (5.0 to 1 1 .0)
Azide
Perchlorate A
Perchlorate B
Perforate C

THBR (0.85to 1.10)
Azide
Perchlorate A
Perchtorate B
Perchlorate C

Anti-TPO (<20 lU/mL)
Azide
Perchlorate A
Perchlorate B
Perchlorate C

21
12
8

15

21
13
8

15

21
13

8
15

21
13
8

14

3 14
268
241
333

6.05
6.33
6.56
6.56

0.90
0.89
0.90
0.94

9.28
9.26

11.38
8.63

1.870
1.143
1.271
2.338

1.248
1.435
0.847
1.022

0.071
0.064
0.069
0.094

11.274
10.611
9.524
6.797

0.67
1.20
0.75
0.65

4.40
3.20
510
4.40

0.80
079
0.79
0.78

5.00
500
5.00
5.00

200
1.70
1 4b
1.50

5.30
5.80
625
5.60

0.84
0.83
0.85
0.87

5.00
5.00
5.00
5.00

2.80
2.50
2.15
2.80

6.00
6.40
6.50
6.90

0.91
0.89
0.90
0.95

5.00
5.00
5.00
5.00

4.10
3.75
3.50
4.20

6VO
690
6.90
7.20

0.95
093
096
1 01

6.30
5.00

1820
9.50

8.40
4.50*
430
8.20

9.60
9.40
8.10
820

1 08
0.99
099
1.09

53.20
42.70
29.60"
29.60

—
045
0.32
0.80

—
0.55
0.29
0.20

—
0.47
0.81
0.19

—
0.98
0.65
0.85

* T4, thyroxine; T3, triiodolhyronine; TSH, thyroid-stimulating homone; FTI, free Tj index; THBR, thyroid hormone binding ratio; Anti-TPO,
thyroid peroxidase antibodies.

* All t tests were performed assuming equal variances based on Bartlett's test for equal variances (at an u level of 0.05).
* Values in parentheses represent the laboratory's normal range for trie assay
* One extreme outlier (TSH, 38 ^U/mL) was excluded. This worker was diagnosed with Graves' disease 9 years before employment and was

insufficiently treated for his hypothyroidism, which developed after 131I therapy.
" One extreme outlier (anti-TPO. 709 ILJ/mL) was excluded. This worker has euthyroic Hashmoto's thyroid 'tis.

for the perchlorate workers (pre-
shift: mean, 294 ji.g/L, standard de-
viation, 150 u-g/L; post-shift: mean,
297 u-g/L, standard deviation, 175
u-g/L) or for the azide workers (pre-
shift: mean, 350 n-g/L, standard de-
viation, 189 fjL.g/L; post-shift: mean,
325 u.g/L, standard deviation, 202
M-g/L).

Complete Blood Counts
The blood counts showed no dif-

ference between the perchlorate
workers and the azide workers, either
directly or when the perchlorate
workers were stratified by exposure
groups. The mean of the red cell
counts, white blood cell counts (in
eluding lymphocytes, neutrophils.

monocytes, etc) and platelet counts
revealed no significant differences
across the exposure groups (Table 4).
The proportion of workers \vith red
cell counts, white blood cell counts,
or platelet counts below the normal
laboratory ranges were similar in all
groups. No significant trends were
observed in the blood-cell data
whether examined as cont inuous
variables or as categorical variables.
Neither the mean nor the proportion
abnormal were found lo be signifi-
cantly different for the azide group
or any of the perchlorate groups
when each of the 18 cellular param-
eters were examined. There was no
evidence for aplastic anemia, agran-
ulocytosis, or neutropenia. No sug-

gestion of hematotoxicity was seen
among the perchlorate-exposed
workers or the azide-exposed workers.

Other Clinical Parameters
Serum chemical profiles were con-

ducted on workers. The clinical
chemistry results showed no evi-
dence of either renal or hepatic tox-
icity. The frequency of elevated sc-
rum cholesterol levels was greater
than 5% among the azide and the
perchlorate workers. The serum
phosphate level was the only chemi-
cal variable that showed significantly
higher values among the perchlorate
workers than among the azide work-
ers. No explanation for this finding is
apparent. There were no differences
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TABLE 4
Descriptive Statistics of Blood Cell Counts, by Plants and Exposure Groups

Groups
Red blood cells

Azide
Perchlorate A
Perchlorate B
PerchloratB C

n

(4.40 to 5.80 X
21
14
8

15

Maan
lO'/nL)'

5.16
5.06
5.11
5.37

SO

0.333
0.500
0.233
0.367

Min

4.30
4.10
4.74
4.40

Pa

5.00
4.90
495
5.00

Mod

5.20
5.22
5.14
5.50

PTS

5.40
5.30
5.28
5.60

Max

573
5.70
540
576

P Value

—
0.48
0.66
0.10

White blood cells (3.6 to 10.6 cells/nL)t
Azide
Perchlorate A
Perchlorate B
Perchlorate C

21
14
8

15
Neutrophiles (1.8 to 8.0 cells/nL)

Azide
Perchlorate A
Perchlorate B
Perchlorate C

Lymphocytes (1
Azide
Perchlorate A
Perchlorate B
Perchlorate C

Platelets (140 to
Azide
Perchlorate A
Perchlorate B
Perchlorate C

21
14
8

15

8.6?
7.67
7.83
7.99

t

4.96
4.41
4.20
4.30

5.608
1.380
2.631
1.554

5.222
0.796
1.546
1.214

490
5.50
4.40
5.90

1.80
2.90
2.30
2.20

6.81
7.20
5.45
6.50

3.50
4.10
3.00
3.40

7.60
7.30
7.85
7.80

3.60
4.65
4.40
4.30

830
790
990
8.70

4.40
4.80
4.65
4.70

32.60
11.00
11.80
11.80

2/.50
5.50
7.20
7 70

—
0.47'
0.61'
0.63-

0.64'
0.55'
0.58'

.2 to 3.4 cells/nL)T

21
14
8

15

2.66
2.39
2.83
2.81

0.691
0.659
1.516
0.822

1.30
1.60
1.50
1.10

2.30
1.90
1.75
2.40

2.60
2.20
2.30
280

2.80
2.60
3.55
3.10

4.10
4.30
5.90
4.40

—
0.27
0.77'
0.56

440 platelets/nL)r

21
14
a

15

233.00
235.07
221.88
230.53

40. 1 07
47.798
61 .989
57.679

149.00
159.00
144.00
127.00

206.00
20400
182.50
19300

230.00
245.00
213.00
222.00

268.00
270.00
246.00
258.00

304.00
317.00
348.00
34300

—
0.89
057
0.88

" f Tests were performed assuming unequal variances based on Bartlett's test for equal variances (at ar Q level of 0.05).
T Values in parentheses represent the laboratory's normal range.

between the groups in the distribu-
tions of any of the other 12 chemical-
profile parameters.

Perchlorate Excretion Rate
Urinary perchlorate levels for two

workers in the high-exposure per-
chlorate group were monitored dur-
ing 3 days with measurable occupa-
tional perchlorate exposure and
during the subsequent 3 days without
known perchlorate exposure (Fig. 2).
The data indicate that the perchlorate
body burden, as indicated by urinary
perchloratc concentration, increases
over the 3 days of work exposure,
with (generally) a decrease between
the 12-hour work shifts. Figure 2
graphically illustrates that exposure
is the reason for absorption. Figure 3
presents the same data but presents it
as the logarithm of the urinary per-
chlorale concentration. The elimi-
nation of perchlorate after the last
definite exposure period appears lo
follow a first-order kinetics pattern,
which is particularly noted when

Study Day
Flj. 2. Urinary perchlorate toncentralion (mg/L.) every 12 hours (exposure periods arc shown

in hold). *, employee A; •, employee B.

the urinary perchlorate level is be-
tween 0.1 and 10 mg/L (Fig. 3).
The average perchlorate elimina-
tion half-life post-exposure for em
ployee A was 7.9 hours (excluding

the period in day 6 of apparent
minimal exposure), and the average
perchlorate elimination half-life
post-exposure for employee B was
8.2 hours. The graph of Fig. 3
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Fij. 3. Urinary perdilorate t.'oncentratir'n (nig/L) every 12 hours (exposure periods arc sliown
in bold). *. employee A: •, employee B

suggests that the excretion half-life
may be longer when the urine con-
centration is greater than 10 mg/L
than at lower levels, possibly indi-
cating a redistribution into an alter-
native component site, such as the
digestive tract.

Discussion
This occupational health s tudy

was conducted to determine whether
occupational exposure to airborne
perchlorate panicles and the result-
ant systemic absorption of perchlor-
ate during the manufacturing process
has adversely affected the thyroid
status of perchlorate workers. The
study revealed no differences in thy-
roid-function tests between perchlor-
ate workers and a comparison group
(azide workers). No differences in
thyroid-function test results were
found among the workers across the
four exposure groups.

The perchlorate characteristics of
these four groups can be described in
terms of airborne perchlorate expo-
sure and of perchlorate absorption as
determined from urinary perchloraie
excretion. Based on industrial hy-
giene airborne measurements, these
groups are found to have had expo-
sures with group arithmetic mean
exposures ranging from 0.01 to 60

trig perchlorate per day, group me-
dian exposures ranging from 0.01 to
45 mg/day, and group geometric
mean exposures ranging from 0.01 to
30 mg perchlorate per day. Different
analysts may consider different ex-
posure metrics to best summari/e the
airborne exposure. Based on urinary
perchlorate excretion data, these
groups are found to have had ah
sorted dosages with means ranging
from 0.9 to 34 mg/day and medians
ranging from 0.6 to 33 mg/day. The
dosage data distribute symmetrically
about the means, and the means arc
almost identical to the medians.
Therefore, geometric means would
provide no additional information.
These data demonstrate no adverse
effect on thyroid function at per-
chlorate absorptions of 0.01 to 34
mg/day.

No occupational thyroid disease
was found among these workers. The
perchlorate exposures in this plant
were not found to be associated with
thyroid abnormalities. Furthermore,
there was no evidence of differences
between the groups with respect U>
renal, hepatic, or hematological pa-
rameters. Thus there is no evidence-
that perchlorate affects the thyroid or
those other three systems at these
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absorption levels, a daily absorption
of 34 vug/day.

This study is the first to measure
and assess urinary perchlorale con-
centrations in workers excised to
perchlorate panicles. This study in-
cludes two measures of perchlorate
exposure (total add respirable narti-
cles) and one measure of perchlorate
absorption (urinary perchlorateV The
two measures of perchlorate expo-
sure have been, found to correlate
very strongly (Fig. I). Data analysis
has been conducted to examine the
relationship between airborne parli-
cle perchlorate (botli respirable and
total) and perchlorate absorption.

Figure 4 demonstrates the statist)
cally significant association (correla-
tion) between airborne respirable-
panicle perchlorate exposure and
perchlorate absorption. The slope of
the association (b = 2.06) is greater
than 1. indicating that although [he
rise in icspirabie particle exposure
significantly tracks the rise in ab-
sorption, the increase in absorption is
twice as greai as the increase in this,
exposure metric. Thus the respiruhle-
particle perchlorate exposure is in-
sufficient to account by itself for the
rise in the perchlorate absorption.

Figure 5 demonstratc.s the siat ist i
cally signilicant association (correla-
tion) between airborne total panicle
perchlorate exposure and perchlorate
absorption. In this case, the slope of
the association (b - 0.3!) is less titan
1, indicating that the increase in total-
particle perchlorate exposure is. suf-
ficient to account for the increase in
(he percWoraie absorption. This anal-
ysis suggests that an absorption co
efficient of 31% could describe the
association between total-particle
perchlorate exposure and perchlorate
absorption. Inspection of Fig. 5 sug-
gests that at lower total-panicle per-
chlorate exposures (ie. 0 to 50 mg/
day) other factors, .such as hand-to-
mouth ingeslion, tnuy make a major
contribution to the total perchlorate
exposure and absorption.

The airborne total-particle pcr-
chloratt". with its high iH\uc-'«j.s solu-
bili ty, appears to be readily absorbed
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y = 2.0566 x
r = 0.4482

n = 38
p<0.01
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Perchlorate Exposure - Respirable Particles (mg/shlft)

FlQ. 4. Comparison of perchlaraie absorption and respirablc-parucle pctohloratc c-xptivarc.

Fig. 5
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Perchlorate Exposure -Total Particles (mgfshlft)
Comparison of perchlorate absorption and total-particle perchlnrate exposure.
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and appears generally to be the
source of the excreted perchlorate.
The design of pre- and post-shift
urine collections and perchlorate as-
sessments and measurements of both
respirable particle and total-particle
inhalation exposure to perchlorate
throughout the shift has revealed that
total-particle (as well as respirable-
particle) perchlorate inhalation expo-
sure leads to systemic absorption of
perchlorate and to its urinary excre-
tion. The lower respiratory tract is
the primary site for the absorption of
respirable-part ic le perchlorate.
Whether the total-particle perchlor-
ate is also absorbed in the upper
respiratory tract and is carried by
mucus into the gastrointestinal tract,
or it enters the gastrointestinal tract

by direct contact, is not important to
the post-absorption pharmacology.
The perchlorate absorbed into the
bloodstream (whether from the respi-
ratory or gastrointestinal tract) is
equivalent since perchlorate excre-
tion in the urine and its pharmaco-
logical effects on the thyroid are both
dependent upon absorption into the
bloodstream.

The data from the workers in this
study contribute to the developing
literature on perchlorate excretion
rates in humans. The excretion half-
lives of 7.9 hours and 8.2 hours in
the workers observed for 3 days
post-exposure is quite consistent
with the 6 to 8 hours reported by
Etchler in 19293 and the 5 to 9 hours
reported by Durand in 1938.4 There

is a quiet pleasure in observing that
one's work replicates data published
60 to 70 years earlier, although the
total number of subjects published is
now only four.

The Eichler exposure was to a
single oral dose of I or 2 grams. The
Durand1* exposure was to a single
oral dose of 0.8 grams. The two
workers in the study presented here
had been working in percMotate pro-
duction area C during the prior work
period and can be assumed to have
had the equivalent of a 34-mg oral
dosage over a 12-hour period. Since
these workers are regularly em-
ployed in this type of position, this
exposure can be described as chronic
or sub-chronic exposure at a moder-
ate dosage (greater than environmen
tal and less than pharmaceutical).
Although there is a suggestion within
our data thai some other physiologi-
cal processes may be occurring at
higher exposure levels, these data do
indicate that 8 hours is a reasonable
estimate of ihe perchUwale excretion
rate in humans. This 8-hour half-life
has been consistent down to the limit
of detection in the urine.

This study has provided an insight
into the absorption and excretion of
perchlorate among workers exposed
to airborne perchlorate particles. It
has also shown that no adverse effect
has been demonstrated on any of the
workers' thyroids al these occupa-
tional exposure levels at this per-
chlorate manufacturing plant. This
study also confirms the findings of
Gibbs et a l l h that demonstrated the
absence of an adverse effect on thy-
roid function among percMorale
manufacturing employees at a differ-
ent plant. Gibbs et al demonstrated
the absence of an effect on thyroid
function by examining across the
work shift acutely and across the
working life cumulative exposure
chronically. Gibbs et al also demon-
strated the absence of an effect on
kidney, liver, or bone marrow func-
tion across the working life. The
study presented here has added ob-
servations of individual respiratory
perchlorate particle exposures and
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subsequent urinary perchlorale mea-
surements to the exposure measure-
ments of Gibbs et al. It has also
added serum T, and anti-TPO anti-
bodies and a clinical thyroid exami-
nation to their assessment of thyroid-
function outcome measures. This
study has also reported the absence
of" an effect on the liver, kidney, or
blood cells at a range of perchlorate
exposure and absorption rates. Both
studies have demonstrated that occu-
pational exposures to perchlorale
have not been hazardous to the thy-
roid health status of the workers
studied at these plants or lo the other
examined organ systems.

Occupational health studies serve
to advise workers, physicians, and
managers on the safe limits ot expo-
sure. That is their primary function
and their purpose of design. Such
studies may also be helpful to lexi-
cologists and other health scientists
who desire clarification of mecha-
nisms and parameters concerning
perchlorate exposure, absorption,
toxicity, and excretion. Additionally,
such studies are useful to environ-
mental health specialists who must
consider the risks associated with
low-level exposures to perchlorate,
either through inhalation or inges-
tion. The US Environmental Protec-
tion Agency and a number of state
health departments are currently at-
tempting to assess the poitnvral mag-
nitude of risk associated with various
levels of perchlorate contamination
of drinking water. Studies such as
this provide useful information for
the assessment of such risks.

Current levels of perchlorale de-
tected in the drinking water of south-
ern California and southern Nevada
are in the range of 5 to 8 ppb Og/L)
and up lo 15 ppb, respectively. The
assumed ingestion of 2 liters per day
would yield an ingestion exposure
and absorption of up to 30 (xg per-
chlorate per day for an adult. This
rate is approximately one to two
orders of magnitude lower than that
of the azide worker control group in
this study. It is approximately three
orders of magnitude lower than that

of the perchlorate group C workers,
who showed no adverse effect on
their thyroid health status with recur
rent occupational absorbed expo-
sures of approximately 34 mg per-
chlorate per day.

Two issues of perchlorate toxicily
have arisen: hematoloxicily in adults
and congenital hypothyroidism in the
newborn. Cases of hematotoxicity
associated with perchlorate exposure
have generally been reported for
Graves' disease pa t i en t s b e i n g
treated therapeutically with expo-
sures of 1000 mg per day or greater,
occasionally ui 6UQ mg per day, and
only once in a patient at 450 mg per
day (who had previously shown a
loxic reaction al 800 mg per day1 7) .
No hematotoxicity was seen among
the workers in the study presented
here and, in particular, not at 34 mg
per day. The case report literature
suggests that reported hematoloxic-
ily findings in Graves' disease pa-
tients may occur at exposures at least
one to two orders of magnitude
greater than the occupational expo-
sures and at least four to six orders of
magnitude greater than the environ-
mental exposures from the southern
California and Nevada waters.

Prior to 1960, perchloralf was
commonly used to treat women with
hyperthyroidism during pregnancy.
Crooks and Wayne1* reported in
Luncet that they had "treated 12
pregnant thyrotoxic patients with po
lassium perchlorate ('600 ing/day or
1000 mg/day) and in each have
achieved satisfactory control of the
disease. One of the infants had a very
slight enlargement of the thyroid that
disappeared within 6 weeks. The re-
mainder showed no abnormality of
any kind." This is the only published
report regarding perchlorale and the
neonatal thyroid. Additionally, the
California Department of Health Ser-
vices'9 has a preliminary health re
view tor a Supert'und site in Sacra-
mento, California, where perchlorate
is a contaminant of concern They
found no increase in congenital hy-
pothyroidism in the ?ip codes of
interest. Similarly, Lamm and Do-

emland20 reported that the counties
in southern California and Nevada
wi th perch lorate-con lamina ted
drinking water had no more cases of
congenital hypothyroidism than
would be expected, based on state
rates for 1996 and 1997. Thus only
one case of transient goiter in a
newborn has been reported lor those
whose mothers had therapeutic expo-
sures, and two research groups look-
ing al different geographic areas
found no evidence of an increased
risk of congenital hypothyroidism
with environmental exposures.

In conclusion, this study ha.s (1)
found no evidence of an adverse
effect of perchlorale exposure on
thyroid health status among per-
chlorate workers, (2) demonstrated
(hat airborne perchlorate is absorbed
and excreted by perchlorate workers.
(3) indicated that the exposure to
perchlorate particles larger than re-
spirable si/c is likely to account for
the magnitude of perchlorate excre
lion, |4) provided an estimate for the
urinary excretion half-life of per-
chlorate in perchlorate workers, and
(5) developed information that may
be useful in ihe assessment of human
risk from environmental exposure to
perchlorate. The results of this study
do not support the hypothesis that
chronic exposure to perchlorates al
the levels encountered in this study
has an effect on thyroid function.
There aJso is no evidence lo support
the hypothesis that perchlorate has
an effect on the hematopoietic sys-
tem, even al these occupational
doses. The findings in this study
demonstrate a "no adverse effect
level" on thyroid function and hema
toloxicily in a worker population of
34 mg perchlorale per day for hu-
mans.
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